U
nder typical conditions (i.e., aside from intermittent greening periods), the Sahara desert poses an ecogeographic barrier for human migration between North and sub-Saharan Africa (1) . Sub-Saharan Africa is home to the most deeply divergent genetic lineages among present-day humans (2) , and the general view is that all Eurasians mostly descend from a single group of humans that dispersed outside of sub-Saharan Africa around 50,000 to 100,000 years before the present (yr B.P.) (3) . This group likely represented only a small fraction of the genetic diversity within Africa, most closely related to a Holocene East African group (4) . Present-day North Africans share a majority of their ancestry with present-day Near Easterners but not with sub-Saharan Africans (5) . Thus, from a genetic perspective, present-day North Africa is largely a part of Eurasia. However, the temporal depth of this genetic connection between the Near East and North Africa is poorly understood and has been estimated only indirectly from present-day mitochondrial DNA (mtDNA) variation (6, 7) .
Owing to challenging conditions for DNA preservation, relatively few ancient genomes have been recovered from Africa. Genome-wide data from 23 individuals have been reported from South and East Africa, with the oldest dating back to 8100 yr B.P. (4, 8, 9) . In North Africa, a genomic study of Egyptian mummies from the first millennium BCE showed that the genetic connection between the Near East and North Africa was established by that time (5) . However, the genetic affinity of North African populations at a greater time depth has remained unknown.
Here we present genome-wide data from seven individuals, directly dated between 15,100 and 13,900 calibrated years before present (cal. yr B.P.) (table S1), from Grotte des Pigeons near Taforalt in eastern Morocco (10) . These genomic data provide a critical reference point to help explain the deep genetic history of North Africa and the broader Middle East (Fig. 1) . The Taforalt individuals are associated with the Later Stone Age Iberomaurusian culture, whose origin is debated. These individuals may have descended either directly from the manufacturers of the preceding Middle Stone Age technologies (Aterian or local West African bladelet technologies) or from an exogenous population with ties to the Upper Paleolithic technocomplexes of the Near East or Southern Europe (10, 11) .
For nine Taforalt individuals (table S2) , we created double-indexed single-stranded DNA libraries (12) for next-generation sequencing of DNA isolated from petrous bones. We then used in-solution capture probes (13) to enrich libraries for the whole mitochondrial genome and~1,240,000 single-nucleotide polymorphisms (SNPs) in the nuclear genome (14 (table S3) . For group-based analyses involving other ancient individuals, we adopted the population labels from the original studies (4, 16) . We found an overall high genetic relatedness between the Taforalt individuals, suggesting a strong population bottleneck ( fig. S26) .
We analyzed the genetic affinities of the Taforalt individuals by performing principal components analysis and model-based clustering of worldwide data (Fig. 2) . When projected onto the top principal components of African and west Eurasian populations, the Taforalt individuals form a distinct cluster in an intermediate position between present-day North Africans [e.g., Amazighes (Berbers), Mozabites, and Saharawis] and East Africans (e.g., Afars, Oromos, and Somalis) ( Fig. 2A) . Consistently, we find that all males with sufficient nuclear DNA preservation carry Y haplogroup E1b1b1a1 (M-78; table S16). This haplogroup occurs most frequently in present-day North and East African populations (18) . The closely related E1b1b1b (M-123) haplogroup has been reported for Epipaleolithic Natufians and Pre-Pottery Neolithic Levantines (Levant_N) (16) . Unsupervised genetic clustering also suggests a connection of Taforalt to the Near East. The three major components that make up the Taforalt genomes are maximized in early Holocene Levantines, East African hunter-gatherer Hadza from north-central Tanzania, and West Africans (number of genetic clusters K = 10; Fig. 2B ). In contrast, present-day North Africans have smaller sub-Saharan African components with minimal Hadza-related contribution (Fig. 2B) .
We calculated outgroup f 3 statistics of the form f 3 (Taforalt, X; Mbuti) across worldwide ancient and present-day test populations. Consistent with previous analyses, we find that ancient Near Eastern populations, especially Epipaleolithic Natufians and early Neolithic Levantines, show the highest outgroup f 3 values with Taforalt (Fig. 3A) . This is confirmed by f 4 symmetry statistics of the form f 4 (Chimpanzee, Taforalt; NE 1 (16) , are most closely related to the Taforalt group, among Near Eastern populations. Next, we evaluated whether the Taforalt individuals have sub-Saharan African ancestry by calculating f 4 (Chimpanzee, X; Natufian, Taforalt). We observe significant positive f 4 values for all sub-Saharan African groups and significant negative values for all Eurasian populations, supporting a substantial contribution from sub-Saharan Africa (Fig. 3B) . West Africans, such as Mende and Yoruba, most strongly pull out the sub-Saharan African ancestry in Taforalt (Fig. 3B and figs. S15 and S16).
We investigated whether two first-hand proxies, Natufians and West Africans, are sufficient to explain the Taforalt gene pool or whether a more complex admixture model is required. We thus tested whether Natufians could be a sufficient http://science.sciencemag.org/ instead that the Taforalt group is significantly closer to both outgroups (aSouthAfrica and Mbuti) than any combination of Yoruba and Natufians (z ≥ 2.728 SE; Fig. 4) . A similar pattern is observed for the East African outgroups Dinka, Mota, and Hadza (table S11 and fig. S20 ). These results can only be explained by Taforalt harboring an ancestry that contains additional affinity with South, East, and Central African outgroups. None of the present-day or ancient Holocene African groups serve as a good proxy for this unknown ancestry, because adding them as the third source is still insufficient to match the model to the Taforalt gene pool (table S12 and fig. S21 ). However, we can exclude any branch in human genetic diversity more basal than the deepest known one represented by aSouthAfrica (4) as the source of this signal: it would result in a negative affinity to aSouthAfrica, not a positive one as we find (Fig. 4) . Both an unknown archaic hominin and the recently proposed deep West African lineage (4) belong to this category and therefore cannot explain the Taforalt gene pool. Mitochondrial consensus sequences of the Taforalt individuals belong to the U6a (six individuals) and M1b (one individual) haplogroups (15) , which are mostly confined to present-day populations in North and East Africa (7). U6 and M1 have been proposed as markers for autochthonous Maghreb ancestry, which might have been originally introduced into this region by a back-to-Africa migration from West Asia (6, 7). The occurrence of both haplogroups in the Taforalt individuals proves their pre-Holocene presence in the Maghreb. We used the BEAST v1.8.1 package (24) to analyze the seven ancient Taforalt individuals in combination with four Upper Paleolithic European mtDNA genomes (22, 23) and present-day individuals belonging to U6 and M1 (7) . By using a human mtDNA mutation rate inferred from tip calibration of ancient mtDNA genomes (23), we obtained divergence estimates for U6 at 37,000 yr B.P. (40,000 to 34,000 yr B.P. for 95% highest posterior density, HPD) and M1 at 24,000 yr B.P. (95% HPD: 29,000 to 20,000 yr B.P.) (table S15). Our estimated dates are considerably more recent than those of a study using present-day data only (45,000 ± 7000 yr B.P. for U6 and 37,000 ± 7000 yr B.P. for M1) (7) but are similar to those of Pennarun et al. (25) . Moreover, we observed an asynchronous increase in the effective population size for U6 and M1 ( fig. S24 ), which suggests that the demographic histories of these North and East African haplogroups do not coincide and might have been influenced by multiple expansions in the Late Pleistocene (25) . Notably, the diversification of haplogroups U6a and M1 found for Taforalt is dated to~24,000 yr B.P. (fig. S23 ), which is close in time to the earliest known appearance of the Iberomaurusian culture in Northwest Africa [25,845 to 25,270 cal. yr B.P. at Tamar Hat (26) ].
The relationships of the Iberomaurusian culture with those of the preceding Middle Stone Age, including the local backed bladelet technologies in Northeast Africa, and the Epigravettian in Southern Europe have been questioned (13) . The genetic profile of Taforalt suggests substantial Natufian-related and sub-Saharan Africanrelated ancestries (63.5 and 36.5%, respectively) but not additional ancestry from Epigravettian or other Upper Paleolithic European populations. Therefore, we provide genomic evidence for a Late Pleistocene connection between North Africa and the Near East, predating the Neolithic transition by at least four millennia, while rejecting the hypothesis of a potential Epigravettian gene flow from Southern Europe into northern Africa, within the resolution of our data. Archaeogenetic studies on additional Iberomaurusian sites will be critical to evaluate the representativeness of Taforalt for the Iberomaurusian gene pool. We speculate that the Natufian-related ancestral population may have been widespread across North Africa and the Near East, associated with microlithic backed bladelet technologies that started to spread out in this area by at least 25,000 yr B.P. [(10) and references therein]. However, given the absence of ancient genomic data from a similar time frame for this broader area, the epicenter of expansion, if any, for this ancestral population remains unknown.
Although the oldest Iberomaurusian microlithic bladelet technologies are found earlier in the Maghreb than their equivalents in northeastern Africa (Cyrenaica) and the earliest Natufian in the Levant, the complex sub-Saharan ancestry in Taforalt makes our individuals an unlikely proxy for the ancestral population of later Natufians who do not harbor sub-Saharan ancestry. An epicenter in the Maghreb is plausible only if the sub-Saharan African admixture into Taforalt either postdated the expansion into the Levant or was a locally confined phenomenon. Alternatively, placing the epicenter in Cyrenaica or the Levant requires an additional explanation for the observed archaeological chronology.
